INTRODUCTION 38
Widowhood is a common major life transition among older people that has been associated 39 with elevated risk of mortality in the surviving spouse (the widowhood effect) across many 40 populations, providing strong evidence that changes in social ties affect health outcomes (Shor, 41 Roelfs et al. 2012, Manzoli, Villari et al. 2007 ). Besides gender differences (men usually 42 experience a greater increase in relative risk than women - Moon is not limited to a single pathway and three main explanatory 49 mechanisms have been proposed: emotional stress and grief, loss of emotional social support 50 and loss of instrumental (task related) social support . 51
The widowhood effect is greatest during the first six months of widowhood (Martikainen, 52 Valkonen 1996, Boyle accidents, violence, alcohol or unexpected respiratory or circulatory diseases (Martikainen, 55 Valkonen 1996, Shah, Carey et al. 2012) . A proportion of the excess deaths due to cardiac 56 conditions in the early stages of bereavement may result from inadequate condition 57 management immediately prior to bereavement (Shah, Carey et al. 2013) , indicating that acute 58 stress at this stage contributes to the widowhood effect (Vable, Subramanian et al. 2015) . As 59 time since bereavement increases the mortality differential between widows and non-widows 60 tends to decrease for women in the first ten years but may increase subsequently, whereas men 61 are likely to show a sustained or increased mortality differential (Shor, Roelfs et al. 2012, 62 Berntsen, Kravdal 2012, . In summary, grief and acute stress 63 appear to play a significant role in elevating mortality risk in the early stages of widowhood, 64 replaced over time by more subtle effects due to withdrawal of spousal support in daily living, 65 both emotional and instrumental (Elwert, Christakis 2006 , Stroebe, Schut et al. 2007 . 66
Estimates of the magnitude of the widowhood effect are heterogeneous among studies but there 67 have been few attempts to identify modifiers other than individual socio-economic or health 68 status (Moon, Kondo et al. 2011 ), so we investigated the influence of socio-geographic context 69 (urban or rural residence) on the widowhood effect. Urban-rural gradients in risk have been 70 observed for several health outcomes; e.g. all-cause mortality in England ( Of the factors thought to contribute to urban-rural health gradients, social environment may 78 modify the widowhood effect at different stages of bereavement by two different mechanisms. 79
Acute stress during early bereavement may be buffered by intentionally supportive interactions 80 within an individual's social network (or at least the perception that emotional, informational 81 or instrumental support is available -Thoits 2011, Holt-Lunstad, Smith et al. 2010). As time 82 since bereavement increases the 'main-effects' of social relationships may come to the fore; a 83 set of emotional, behavioural or cognitive processes stemming from social relationships that 84 are not intentionally supportive but often have beneficial influences on health (e.g. societal 85 pressure to fulfil a family role may cause people to adopt a healthy lifestyle to fulfil that role -86 Thoits 2011 ). There is some evidence that social support during widowhood influences health 87 outcomes including mortality risk. A study collating vital event records for over 400,000 88 elderly couples in the US showed that the race of the partners influences the widowhood effect. 89 Whites in endogamous marriages suffered a large increase in mortality risk but the effect was 90 not evident among blacks, a distinction that may be related to higher levels of familial support 91 for the elderly in black families (Elwert, Christakis 2006) . 92
We investigated the association between the widowhood effect and urban or rural residence, 93 using a large cohort of married couples assembled from the Northern Ireland Mortality Study. 94
In Northern Ireland older people living in rural areas receive more family support, being more 95 likely to live with their children and hence less likely to be admitted to care homes (McCann, 96 Grundy et al. 2014). Adjusting for these differences in family living arrangements, there is an 97 additional reduction in risk of admission to care homes among rural dwellers in comparison 98 with urban dwellers, indicating that greater integration within the wider community may reduce 99 demand for formal care services or replace them when supply is limited (McCann, Grundy et 100 al. 2014). Therefore we predicted that the mortality differential between widows and non-101 widows would be less pronounced in rural compared with urban areas, especially once the 102 initial period of shock had passed and the availability of longer term instrumental and 103 emotional support had become of greater importance. We investigated these relationships 104 separately for men and women to account for differences in the size of the widowhood effect 105 between sexes ( 
Definition of cohort 117
All personal characteristics were drawn from the Census returns which were also used to 118 identify married couples whose members were aged from 26 to 103 at the time of the 2001 119
Census. Couples living in institutional settings (e.g. nursing homes or sheltered 120 accommodation) were excluded. It was not possible to exclude couples who were separated 121 before the death of the first partner. A small number of couples (66) were excluded in which 122 both members died of a common cause within the same calendar month, leaving a total of 123 296,125 couples. This group experienced 37,821 deaths during the follow-up period (Table 1) . 124 Table S1), reducing the power of our analyses to detect temporal trends for the smaller bands 148 and so we re-categorised the bands into three similarly sized groups; urban -comprising the 149 largest two cities; intermediate -combining large, medium, and small towns and intermediate 150 areas, and rural as above. 151
Characteristics of the cohort

Analytical methods
152
The primary outcome measure was all-cause mortality during follow-up on a chronological age 153 timescale. We estimated mortality rates using a Cox proportional hazards model to obtain 154 hazard ratios (HRs) and 95% confidence intervals (CIs), adjusting for age and all measured 155 characteristics of the household and of the individual (but not of the spouse). Baseline hazards 156 of mortality for men and women are known to be quite different (especially with respect to 157 age) and so separate models were fitted for each sex, rather than a single more complex model 158 with a large number of interaction terms. As a result, between sex comparisons of effect sizes 159 are indirect. A piecewise structure (five time periods) allowed for changes in baseline mortality 160 rates during follow-up as the cohort aged. Recognising that participant characteristics may 161 change during follow-up (e.g. health status improving or declining), we used statistical tests to 162 determine which covariates should be treated as time-varying and which time-invariant. We 163 tested whether there was a significant interaction between each covariate and time period 164 (Likelihood ratio test comparing models with and without a time interaction) using the whole 165 cohort. Covariates selected for subsequent models whose effects were allowed to vary over 166 time were: economic activity, car access (males only); household size, housing tenure (females 167 only); caregiving status, long-term limiting illness, general health (both sexes), with the 168 remaining covariates treated as time-invariant. 169
Time since widowhood was included as a time-varying covariate in all models and we 170 conducted two separate analyses, first dividing widowhood into early (< 6 months) and later (6 171 months to 8.7 years) stages. The six month division was selected based on preliminary analysis 172 of the widowhood curve and the approach of previous studies which have identified the first 173 six months as the period of highest risk, associated with shock and acute grief. with rurality, we compared models with and without interactions between widowhood duration 178 and rurality (using likelihood ratio tests). The effect of living arrangements (whether couples 179 were living with other adults at baseline) was tested in a similar manner (i.e. testing for 180 interaction between living arrangements and widowhood duration). 181
In the second analysis widowhood duration was further divided at 1, 3, 6 and 12 months and 182 then annually post-bereavement to determine the trajectory of the widowhood effect. We also 183 conducted a sensitivity analysis to determine whether three-way categorisation of settlement 184 bands masked variability among bands, performing separate analyses for each of the eight 185 bands. All analyses were conducted in Stata version 12 (StataCorp, College Station, Texas). 186
RESULTS
187
Summary statistics describing the population at baseline (Table 1) showed that those widowed 188 were older on average than non-widows and hence more likely to have poor health, lower levels 189 of education, be economically inactive and live in smaller households with fewer dependent 190 children. There was no difference between groups or consistent urban/rural gradient in the 191 proportion of couples living with other adults (Table S1 ). 192
The relative effects of each stage of widowhood varied significantly among areas (likelihood 193 ratio tests for interaction between duration and rurality: men, P = 0.008; women P = 0.061). 194
Men in urban, intermediate and rural areas had significantly increased hazard of mortality in 195 the first six months of widowhood compared with those that were not widowed (HRs: 1.25 in 196 urban areas, 1.50 in rural and intermediate areas, Table 2 ). Excess mortality increased again at 197 the later stages (>6 months) of widowhood for men in urban areas but not in intermediate or 198 rural areas where the mortality differentials decreased. 199
Among women, the pattern of responses to widowhood across areas in the first six months was 200 similar to that observed among men (i.e. elevated mortality risk in each area but a much smaller 201 increase in urban areas). In all areas the mortality differential between widows and non-widows 202 decreased in the later stages of widowhood. The largest sustained elevation in risk was in 203 intermediate areas followed by urban areas (HRs of 1.22 and 1.09 respectively) with no 204 significant difference remaining in rural areas (Table 2) . 205
These effects were reflected in the trajectories of the widowhood effects for each group over 206 time (Figure 1) . In rural areas the large initial spike in relative mortality (HRs in the first month 207 1.71 and 1.67 for men and women respectively) dissipated by the end of the first year of 208 widowhood and a similar trajectory was observed in intermediate areas. Women in urban areas 209 suffered a modest initial increase in mortality (HR of 1.11 during the first month) but there was 210 no sustained elevation in mortality risk after the first year of widowhood ( Figure 1) . In contrast, 211 men in urban areas showed a greater relative initial increase in mortality risk than women (HR 212 = 1.38 in first month) but the effect persisted and appeared to increase slightly in magnitude 213 during subsequent years. Sensitivity analysis revealed that trajectories of mortality risk were 214 similar across settlement bands within each of the (three-way) urban/rural area classifications 215 although there was considerable uncertainty around risk estimates in bands comprising less 216 than 20,000 couples (not shown -available on request). 217
Mortality risks for couples living with other adults were elevated compared with couples not 218 living with others at baseline (fully adjusted models, all areas combined, HRs and 95% CIs: 219 men, 1.11 [1.08, 1.14]; women, 1.10 [1.05, 1.14]). However, living with other adults was not 220 associated with variation in responses to widowhood for either sex in any area (Likelihood ratio 221 tests for interaction between living arrangements and widowhood duration split at six months, 222 all tests P > 0.05, Table S2 ). 223
DISCUSSION
224
Our estimates of the increase in mortality risk following widowhood are consistent with those 225 found across multiple studies in developed countries ). In intermediate 226 areas, the pattern that we observed of high excess mortality within the early stages of 227 widowhood followed by decreased but still elevated risk in the later stages is very similar to 228 that reported in both Scotland and Finland (Boyle, Feng et al. 2010 , Martikainen, Valkonen 229 1996 . However, neither the rapid attenuation of the widowhood effect among the rural 230 bereaved, matching that of non-widows within a year, nor the increasing magnitude of the 231 effect over time among urban dwelling men, have been observed previously. Urban/rural 232 differentials in the widowhood effect remained after adjusting for a wide range of individual 233 predictors that have been associated with variation in mortality risk (e.g. age, social class, 234 health status) but have been frequently overlooked in studies of widowhood ( In the later stages of widowhood, we found a decreasing trend in magnitude of the widowhood 238 effect from urban to rural areas among men and from intermediate to rural areas among women. 239
These results are consistent with our prediction that the widowhood effect would be less 240 pronounced over the long-term in rural areas in comparison with more densely populated areas 241 and provide support for our hypothesis that the effect is attenuated by greater social integration. 242
However, the urban-rural gradient may also be a proxy for other factors which influence the 243 widowhood effect. For example, residential proximity to green spaces has been associated with 244 less severe declines in general and mental health following stressful life events (van den Berg, 245
Maas et al. 2010) which might eventually manifest as area-specific variation in mortality risk. 246
Furthermore, the effects of proximity to green space on some health outcomes are sex-specific; 247 a UK based study of urban residents found that mortality risk from cardiovascular and 248 respiratory disease decreased with increased access to green space among men but no such 249 association was found among women (Richardson, Mitchell 2010). One explanation for this 250 difference in that proximity to green space encourages regular physical activity among men, 251 but that perceived safety concerns and other social barriers may prevent women from deriving 252 the same health benefits. Similarly, sex-specific differences in the long-term trajectory of the 253 widowhood effect along the urban-rural gradient may be due to differential influence of the 254 residential and occupational environment on levels of physical activity of men and women. 255
Specifically, a recent systematic review (Stahl, Schulz 2014) found limited evidence for an 256 association between bereavement and reduced levels of physical activity (both sports and other 257 leisure activities) among men but not among women. A reduction in physical activity and hence 258 cardiovascular health may partially explain the increased mortality risk for men in urban areas 259 during later stages of widowhood. A similar drop in activity may not have occurred among 260 rural widowers because in these areas manual occupations (particularly farming) are more 261 common and so levels of occupational physical activity remain high. In rural parts of Northern 262
Ireland continued engagement in the workforce past normal retirement age is relatively 263 common and may maintain greater social integration among older men than would occur in 264 urban areas (Heenan 2010), potentially contributing to the observed urban-rural differences in 265 the widowhood effect. 266
Urban-rural variation in access to medical care might also have influenced mortality risk among 267 the bereaved; greater distances to primary care services may have discouraged health check 268 attendance of rural residents around the time of bereavement, increasing mortality risk from 269 pre-existing conditions (Shah, Carey et al. 2013 ). This may explain why the widowhood effect 270 was greater in rural and intermediate than in urban areas during the first six months but it is 271 more difficult to envisage how it might explain the sustained increases in risk among urban but 272 not among rural men. In contrast with the urban-rural differences, presence of other adults was 273 not associated with a decrease in the widowhood effect. This is surprising as during the early 274 stages of bereavement family members are likely to have the most frequent interactions with 275 the bereaved. One hypothesis is that members of the household and the wider community have 276 differing influences on health outcomes of widowed people and that sources of effective social 277 support are situation specific (Thoits 2011) . A synthesis of 50 studies of the association 278 between social support and mortality (not at times of bereavement), showed that perceived 279 social support from family members is more beneficial for reducing mortality risk than support 280 from friends (Shor, Roelfs et al. 2013 ). However, widowhood presents a particular set of 281 emotional challenges and there is evidence that bereaved people find contact with friends 282 promotes emotional well-being and decreases loneliness to a greater extent than contact with 283 family, perhaps because friends freely choose to interact with the bereaved and are less likely 284 to initiate contact out of obligation ( Australian study found that a high degree of social integration with friends was associated with 292 increased survival among older people but the same relationship was not evident for contact 293 with relatives (Giles, Glonek et al. 2005 ). Finally, the role of family members in supporting the 294 bereaved may have been obscured in our study because living with others may not accurately 295 represent the support available. A recent meta-analysis revealed that structural measures of 296 social relationships including indicators of residential status are more weakly associated with 297 mortality than more complex measures which also incorporate levels of perceived or received 298 support (Holt-Lunstad, Smith et al. 2010). 299 A limitation to our study was that covariates were only measured at baseline (the 2001 Census) 300 so discrepancies between observed and true values are likely to have increased over time, 301 potentially obscuring associations with the widowhood effect. Self-reported health status is 302 most likely to have changed during follow up, especially amongst older widowed groups, and 303 we attempted to adjust for this by using time-varying effects in our survival models where 304 necessary. This consideration also applies to living arrangements; people may have chosen to 305 move in with others post-bereavement and propensity to move may have varied along the 306 urban/rural gradient. Area of residence may also have changed and in Northern Ireland there 307 has been a net migration from deprived to more affluent areas, typically from cities to the 308 surrounding hinterland, with migrants more likely to be affluent than non-migrants (O'Reilly, 309
Stevenson 2003), and to possess better long term health prospects. The widowhood effect is 310 more pronounced in groups with these characteristics ( The modelled variables spanned a wide range of factors likely to influence mortality risk, 328
including measures of self-reported health not usually available for a cohort of this size but it 329 is possible that the observed patterns was driven by variation in an unobserved covariate (e.g. 330 smoking status), a limitation common to many other observational studies of this type. 331
Similarly, urban/rural residence may not accurately reflect received support at the community 332 level (impracticable to measure at large scales, requiring surveys of visits received etc.) and so 333 other interpretations of our results are possible. For example, the observed urban/rural 334 differences may be due to an alternative mechanism, perhaps differences in attitudes to 335 mortality across the urban/rural divide. In Northern Ireland, death is a much larger part of life 336 in rural areas than in cities; news of a death travels fast, attendance at wakes and funerals of 337 even distant acquaintances is expected and these events are important forums for community 338 interaction, aside from providing comfort for the bereaved. As a result, rural funerals tend to 339 be larger than those in urban areas and the considerable stress of mourning in a more prominent 340 setting may contribute towards the larger initial spike in mortality risk that we observed in rural 341 and intermediate compared with in urban areas. 342
CONCLUSION 343
In conclusion, we found pronounced urban/rural differences in the effects of widowhood on 344 mortality risk. In urban, rural and intermediate areas we found that in the early stages of 345 widowhood (< 6 months) all groups had elevated risks of mortality but the effect was much 346 less pronounced among urban dwellers. In later stages the effect dissipated for rural dwellers 347 and to some extent for intermediate dwellers and urban dwelling women but not for urban 348 dwelling men who remained at a higher risk of mortality than their married counterparts for 349 many years. These effects may be attributable to the positive influence of greater social 350 integration of widowed people into the wider community in rural compared with more densely 351 populated areas. Urban-dwelling men at later stages of widowhood appear to have the greatest 352 need for community support and efforts to increase integration into the wider community might 353 bring considerable benefits for this group. 
507
HRs and 95% CIs given for each group (compared with the non-widowed). Separate models 508 fitted for each sex and rurality classification, adjusted for age, economic activity, social class, 509 education, household size and car access, housing tenure, health status (general health and 510 limiting long-term illness), presence of others in household (both dependent children and non-511 dependents), country of birth and religion. Separate models fitted for each sex and rurality classification, adjusted for age, economic 529 activity, social class, education, household size and car access, housing tenure, health status 530 (general health and limiting long-term illness), presence of dependent children, country of birth 531 and religion. Likelihood ratio tests compared models in which the effect of living with others 532 was allowed to vary with stage of widowhood (< 6 months, ≥ 6 months) with models in which 533 there was no such interaction. 534 535
